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This conference sought to analyze the major problems of science in technical 
education, formulate possible solutions, and stimulate action by higher education, 
government, the scientific community, foundations, and private industry. This part of 
the study concerns only physical science and engineering technicians, most of whom 
attend junior or technical colleges. Staff studies show that the education of 
technicians has benefited little from the science education reforms enjoyed by 
scientists and engineers. General problems considered at the conference were (1) the 
need for technicians, (2) the institutions, students, and teachers, and (3) the 
programs offered. The staff prepared working papers on each problem and agreed 
on certain recommendations: (1) establish the unique identity of technical education. 
(2) inform a wider public. (3) clarify articulation with universities and high schools. (4) 
devise a satisfactory vertical structure for technical courses. (5) encourage 
supporting legislation, (6) refine techniques to study supply and demand, (7) continue 
study of regulatory agencies. (8) examine motivations of high school students. (9) 
reduce the attrition rate. (10) help teachers keep up to date (math, science, 
technology). (11) improve pre-service teacher training. (12) anticipate, rather than 
accommodate, technological change. (13) explore work-study programs. (14) publicize 
successful curricula, (15) continually evaluate program objectives and relevancy. (16) 
develop teaching aids. (17) welcome new teaching methods. (HH) 
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Foreword 

The Commission on Science Education of the American Association 
for the Advancement of Science is conducting a study of science in 
vocational and technical education. The principal purposes of the 
study are to analyze and evaluate the major problems in technical 
education, to formulate possible courses of action toward their alle- 
viation, and to stimulate action toward their solution by governmen- 
tal agencies, higher education, the scientific community, private 
foundations, and private industry. 

This is the report of the firs: phase of the study, which has been 
concerned with the education of technicians for technical occupations 
related to the physical sciences and engineering. Much of this edu- 
cation takes place in junior and community colleges and technical 
institutes. 

The Task Force of the Commission which is conducting the study 
consists of Burton H. Colvin, Head, Mathematics Research Labora- 
tory, Boeing Scientific Research Laboratories, Chairman; William T. 
Kabisch, Assistant Executive Officer, American Association for the 
Advancement of Science; William C. Kelly, Director, Office of Scien- 
tific Personnel, National Research Council; and Vincent J. Schaefer, 
Director, Atmospheric Sciences Research Center, State University of 
New York, Albany. Howard F. Foncannon has served as Staff Secre- 
tary of the Task Force. 

The Task Force is indebted to all of the individuals in junior and 
community colleges and technical institutes, universities, professional 
associations, federal and state governmental agencies, and industry 
who provided information and materials, advised, and helped in many 
other ways. The Task Force wishes to express its appreciation to 
each one of them. 
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The Task Force has a special obligation to the following persons 
who provided essential advice in the initial stages of the study, as- 
sisted in the preparations for the conference, served as discussion 
group leaders at the conference, reviewed the draft report, and con- 
tinued to advise the Task Force subsequent to the conference: Stanley 
M. Brodsky, Chairman, Division of Technology, New York City Com- 
munity College of Applied Arts and Sciences; Walter J. Brooking, 
Program Officer, Secondary Education and Post Secondary Educa- 
tion-Technical Education, Division of Vocational and Technical 
Education, U. S. Office of Education; W. Leighton Collins, Executive 
Secretary, American Society for Engineering Education; Meredith P. 
Crawford, Director, Human Resources Research Office, George Wash- 
ington University; Jerry S. Dobrovolny, Chairman, Department of 
General Engineering, University of Illinois; Lewis R. Fibel, Specialist 
on Occupational Education, American Association of Junior Colleges; 
Norman C. Harris, Professor of Technical Education, Center for the 
Study of Higher Education, University of Michigan; Eckhart A. 
Jacobsen, Department of Industry and Technology, Northern Illinois 
University; Frank R. Kille, Special Assistant to the Commissioner for 
Science and Technology, State Department of Education, New York; 
J. P. Lisack, Director, Office of Manpower Studies, School of Tech- 
nology, Purdue University; Gordon McCloskey, Director, Vocational- 
Technical Education Research and Development Program, Washing- 
ton State University; Lyle W. Phillips, Director, Division of Under- 
graduate Education in Science, National Science Foundation; Maurice 
W. Roney, Director, School of Industrial Engineering, Oklahoma 
State University; Neal H. Rosenthal, Chief, Branch of Occupational 
Outlook and Specialized Personnel, Division of Manpower and Occu- 
pational Outlook, Bureau of Labor Statistics, U. S. Department of 
Labor; Arnold A. Strassenburg, Professor of Physics, State University 
of New York at Stony Brook; and William Torpey, Education and 
Manpower Specialist, Office of Emergency Planning, Executive Office 
of the President, Washington, D. C. 

This study has been supported by the National Science Foundation 
through grants to the American Association for the Advancement 
of Science for the work of the AAAS Commission on Science Educa- 
tion. 

This report has been prepared for the Task Force and the Commis- 
sion by Howard F. Foncannon. 

November, 1968 
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Introduction 

Within the time of our brief national history the orientation of 
our social philosophy has turned completely about, from preoccupa- 
tion with the protection and preservation of the values of the past 
to the forging of new values for the future. The continuing change 
that is characteristic of our technological society involves not only 
the physical applications of science but social and cultural evolution 
as well . 1 Not only must we find ways to preserve and perfect our 
republic, but at the same time we must learn how to adapt to a con- 
tinually changing environment. Our type of society involves the di- 
rect participation of a far greater share of the population in policy- 
and decision-making than has been the -ase in the past. This places 
a direct and immediate responsibility upon the educational system 
which, as an organic part of die societal structure, must also adjust 
its orientation to produce the intellectual tools which, themselves, 
are a part of change. 

Both the general public and the educational community are aware 
of the need for radical changes in our educational system. There is 
growing concern that education may have to be basically restructured 
in objectives, form, content, and methodology if it is to meet its 
responsibilities. 

All who are involved in education know that one of the most com- 
plex and difficult problems of our time is how to bring about the 
needed improvements. In view of our mounting societal pressures, 
it also is one of the most vital and urgent problems. The burden 
of responsibility for leadership in educational reform falls most 

1 For example, lee How Technology Will Shape the Future by Emmanuel G. 
Mesthene. Harvard University, Program on Technology and Society. Reprint 
Number 5. 



1 



heavily upon the universities, but the task cannot be accomplished 
without help and cooperation from every other sector of society. 

Education must focus more and more on the practical realities of 
life, but at the same time continue to serve as the vehicle for the 
preservation of knowledge about the past. The first task of education, 
however, is to make it possible for the individual to develop his 
talents and to find a productive place in society. 

Almost everyone must have some specific occupational education 
and training, whether it be for the service occupations and the trades 
or for the professions. A diminishing number of jobs can be per- 
formed without any formal training. At the other end of the scale, 
the research scholar must continue with postdoctoral education if 
his work is to be relevant and productive. For the vast middle range 
of occupations, education must prepare the individual to meet not only 
the day-to-day needs of his life but also enable him t * adapt to rapid 
and continuing change. 

This study represents a first step in defining the major issues and 
problems in a relatively new, but increasingly important, sector of 
education and in pointing out some of the things that need to be 
done. Technical education at the college level has emerged only 
recently as a major component of American higher education. It is 
growing rapidly, and is beset by problems that call for immediate 

attention. 

Shortly after the end of World War II, the critical shortage of 
scientists and engineers in the United States became apparent. While 
massive programs of federal support for graduate students and basic 
research in the sciences were effective in alleviating the problem, it 
was clear almost from the beginning that many college science and 
engineering students were deficient in their high school science and 
mathematics preparation, and that this presented a serious obstacle 
in the national effort to improve the supply of scientific and technical 
manpower. The federal government stepped in ag;ain with support 
for large-scale programs of science and mathematics course-content 
revision. The generally enthusiastic acceptance of these new materials 
for the preparation of students for further science and engineering 
education attests to the success of the approaches that have been used. 

In these endeavors to improve the quality and supply of scientific 
and technical manpower, university scientists, mathematicians, and 
engineers assumed the leadership in conceiving and carrying out 
imaginative and innovative programs of reform. In cooperation with 
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governmental agencies, the scientific community as a whole closed 
ranks in mutual efforts which produced almost immediate results. 

Almost unnoticed, however, some new problems were developing. 
The highly trained "technician ” 2 had emeiged as an essential member 
of the scientific and technical manpower "family,” and there is every 
indication now that a critical shortage of technicians will be as much 
a matter of national concern as was the shortage of scientists and 
engineers a few years ago. 

The education of technicians* is based on science and mathematics. 
Technical education has unique requirements and characteristics— 
quite different in numerous ways from the education of scientists 
and engineers— and has an identity of its own. 

The Congress, aware of the critical and growing need for the de- 
velopment and improvement of technical education, has made avail- 
able large amounts of money 4 for this purpose, administered largely 
through the U. $. Office of Education. As a result of this and other 
factors, there has been a rapid increase in the number of institutions 
offering technical education programs, primarily junior and commu- 

•For the purpose of this study, technical education is defined as the educational 
programs at post secondary school level which combine the learning of complex 
skills with sufficient scientific and technological theory to prepare the technician 
to provide close support to the scientist and to the engineer throughout the 
range of scientific and technological work from basic research to industrial 
production. The educational programs are of two or three years in duration 
and usually lead to the associate degree or to a certificate. The highly trained 
technician has a broader range of complex skills than either the skilled craftsman 
or the engineer. His educational program is oriented toward scientific and tech- 
nological theory, but it is directed more toward application of theory than is the 
education of the engineer or the scientist. Technical education programs can 
be classified very roughly, into (1) those based upon the physical sciences and 
engineering, (2) those based upon the biological sciences, and (5) those based 
upon both the physical and biological sciences. The present study was directed 
toward the first category-technical education programs based u,un the physical 
sciences and engineering. Since most technical education of this type takes place 
in junior and community colleges and public technical institutes, and this 
trend is expected to continue, the major focus of the study has been on these 
institutions. It is recognised that an important contribution to technical educa- 
tion also is being made by private technical institutes and proprietary technical 
schools, university extension centers, and other types of educational institutions. 

•In the remainder of this report, unleu specified, the terms “technician” and 
“technical education” will refer only to the physical science and engineering 
related technologies. The conditions and problems in technical education related 
to the biological sciences are sufficiently different to call for separate treatment. 

•Notably, through the Vocational Education Amendments of 1968, an outgrowth 
of the Smith-Hughes Act of 1917, the George Barden Act of 1946, and the Voca- 
tional Education Act of 196S. 
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nity colleges and technical institutes. There has also been a arge 
increase in the number of technical students, although, according 
both governmental and private estimates, the number of technical 
graduates in the years to come will be far short of the need. 

Two basic issues call for immediate and concentrated attention: 

1. How can the number of qualified technical students and 
graduates be increased enough to meet the demand for tech- 
nicians? 

2 How can we be certain that the education and training of 
' these technicians is of high quality and relevant to their 

needs? 

Cognizant of the urgency of these problems, the AAAS Commission 
on Science Education decided that it was time for an examination 
of the status of science in technical education, with c initia. ocus 
Oil educational programs for the physical science and engineering re- 
lated technical occupations. 

Staff studies revealed that the education of technicians largely has 
been untouched by the reforms in science education which have af- 
fected the training of scientists and engineers, and that there are 
serious problems in technical education that call for cooperative ac- 
tion by* the technical education community, higher education, the 
scientific community, and private industry. Accordingly, the Com- 
mission convened a national conference on science in tedmeal edu- 
cation, which was held in Washington, D. C. on 22-28 July 1968. 
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Part I. Background Information 

The AAAS Conference on Science in Technical Education, with 
particular reference to the physical science and engineering related 
technologies, was organized around nine sets of problems that were 
grouped, somewhat arbitrarily, within three general categories, as 
follows: 

A. The Need for Technicians 

1. The Place of Technical Education in the American Educa- 
tional System 

2. Technicians in the Labor Force 

3. The Measurement of Supply and Demand 

B. Institutions, Students, and Teachers 

1. Institutions 

2. Students 

3. Teachers 

C: Offerings in Technical Education Programs 

1. Curricula 

2. Science and Mathematics Courses 

3. Methods 

Each set of problems was considered by a discussion group which 
formulated a limited number of “recommended courses of action.” 
At the final session, conference participants again reviewed the recom- 
mendations and reduced them in number to those which were con- 
sidered to be of greatest urgency. 

A working paper was prepared by the staff on each of the topics 
listed above. These papers are summarized in the following pages. 
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A. The Need for Technicians 

1. The Place of Technical Education in the American Educational 

System 

Technical education, as defined for this study, is at the college 
level. Junior and community colleges and technical institutes offer 
the ideal setting for the education and training of technicians, since 
a major objective is to meet local and regional technical manpower 
needs. Although the growth of technical education in these institu- 
tions has been rapid and is continuing to accelerate, their ef- 
fectiveness has been inhibited by two factors related to status: (1) the 
general lack of understanding of the position of the technician in 
the scientific and technical work force and the nature of the education 
and training that he requires, and (2) a general lack of recognition 
that the technical training institution is at the college level. 

Higher education, in general, has failed to accept technical educa- 
tion as a specialized part of its own structure— as it has accepted medi- 
cal and engineering education, for example— and has not offered the 
full measure of cooperation that must exist if technical education is 
to be able fully to carry out its mission. 

A share of the confusion about the place of technical education in 
the educational system arises from the fact that there still is lack 
of understanding by many of the distinction between manual arts, 
vocational education, and technical education. Each has its unique 
and essential role in education, but their immediate objectives and 
characteristics are quite different. 

The scientific community is not fully aware of the function and aca- 
demic requirements of technical education, nor that the assistance 
of scientists and engineers is urgently needed, particularly at the local 
level, in the development of technical curricula, the pieparation of 
science and mathematics courses, and the initial preparation and 
continuing education of teachers in technical education programs. 

2. Technicians in the Labor Force 

An oversimplified definition of a technician, but one adequate for 
this report is that a technician is a worker whose education combines 
learning many of the skills of the craftsman and enough of the theory 
of the professional so that he can provide close support to the pro- 
fessional in making practical applications of new scientific and tech- 
nological ideas. He may design and construct research apparatus; 
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